Objective The treatment for asymptomatic primary hyperparathyroidism (PHPT) remains controversial. In 2008, the Third International Workshop on the Management of Asymptomatic PHPT proposed a set of guidelines for the management of asymptomatic PHPT. We therefore evaluated the application of the Workshop recommendations in Japanese patients with asymptomatic PHPT. Methods We analyzed each parameter of the guidelines in 87 Japanese patients with asymptomatic PHPT who underwent methoxy-isobutyl-isonitrile (MIBI) scintigraphy. Results Fewer than 10% of the patients were less than 50 years of age. The bone mineral density T-score was below -2.5 SD in 20 women (46.5% of all women analyzed) and in none of the men. The eGFR was <60 mL/min/1.73 m 2 in 17 patients. A majority of patients (43) satisfied only one parameter, while 25 patients satisfied none of the parameters. Furthermore, the MIBI-positive and surgically treated patients tended to satisfy a larger number of the parameters. The Workshop criteria and levels of PTH, daily Ca excretion, serum ALP and 1,25(OH)2 Vitamin D were further analyzed in relation to the findings of MIBI scans, and almost all of the parameters were found to be significantly correlated with the results of the MIBI studies. Conclusion Our results suggest the need to reassess the Workshop guidelines for the treatment of hyperparathyroidism in Japanese patients. It is desirable that MIBI scintigraphy be performed whenever possible, as this modality is anticipated to play an important role in determining whether or not surgery is appropriate.
Introduction
The improved availability of serum calcium (Ca) and parathyroid hormone measurement and advances in diagnostic imaging have increased the rate of detection of asymptomatic primary hyperparathyroidism (PHPT) in Japan. Resection of the affected tissue is the only definitive treatment for PHPT. However, there is controversy over whether and how aggressively to treat asymptomatic PHPT, which accounts for more than half of all PHPT cases. A consensus has been reached regarding surgical treatment for symptomatic PHPT, i.e., patients with osteoporosis, urinary tract stones and other complications, and, in 1990, a statement on the diagnosis and treatment of asymptomatic PHPT was issued by the National Institutes of Health (NIH) (1) . In 2002, the statement was updated to include revisions of the surgical indications and methods for evaluating bone mineral density (BMD) and parameters of hypercalcemia (2) . In 2008, several additional changes were made to the statement, and another set of guidelines for the treatment of asymptomatic PHPT was proposed (3, 4) . The present investigation, which was conducted as a pilot study, was designed to analyze each parameter adopted in the proposed 2008 revision of the Third International Workshop guidelines for the management of asymptomatic PHPT in addition to the levels of PTH, daily 
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Guideline criteria Met Number of items 0 n=25 Ca excretion, serum ALP and 1,25(OH)2 Vitamin D in 87 asymptomatic patients who underwent methoxy-isobutylisonitrile (MIBI) scintigraphy and to compare these parameters between the MIBI-positive and -negative patients and between the patients who did and did not undergo surgical resection of the affected parathyroid, with the goal of evaluating strategies for treating asymptomatic PHPT in Japanese patients.
Materials and Methods
Subjects
This study involved 87 patients with asymptomatic PHPT who underwent MIBI scintigraphy to localize the affected area between April 2003 and March 2012 (22 men and 65 women) at a single center. These patients had consulted other clinics or departments regarding hypercalcemia (and elevated PTH); however, detailed examinations were initiated at our department. MIBI scintigraphy was performed using a Siemens Signature gamma camera with a lowenergy high-resolution collimator. Twenty minutes after the intravenous injection of 370 MBq 99m Tc methoxy-isobutylisonitrile, early static images were obtained with an acquisition time of 10 minutes. Although it is difficult to clearly diagnose asymptomatic PHPT, the 87 patients had no clinical profiles, including symptoms of hypercalcemia, kidney stones, overt bone disease or specific neuromuscular dysfunction. Although the bone mineral content of the lumbar spine was measured in all patients, the subjects generally did not undergo simple radiography of the hands; therefore, it was not clear whether osteitis fibrosa or subperiosteal fractures were present.
According to the guidelines of the Third International Workshop on the Management of Asymptomatic PHPT (2008) (4), surgery is recommended for patients meeting any of the surgical criteria. However, management decisions should take into account patient preferences and the presence of coexisting conditions (5) . Therefore, we adequately explained the guidelines, results of MIBI scintigraphy and ultrasonography, possible complications, the coexistence of other symptoms and the risks of the operation to each patient and ultimately gave top priority to patient preference.
The study was approved by the Ethics Committee of Kyushu Medical Center. All participants provided their written informed consent.
Data collection
Data, including gender, age, the albumin-adjusted serum Ca level (BioMajesty, Japan Electron Optics Laboratory, Tokyo, Japan, normal: 8.7-10.3 mg/dL), the estimated glomerular filtration rate (eGFR), BMD (portion of the lumbar vertebra, T-score: SD) quantified using Dual Energy Xray Absorptiometry (DXA; HOLOGIC Discovery Sl Bone Densitometer, Hologic, Bedford, USA), fracture history, the intact PTH level (The Elecsys PTH assay, Roche Diagnostics, Indianapolis, USA, Normal 10-65 pg/mL), daily Ca excretion (BioMajesty, Normal: 0.1-0.3 g/day), the serum ALP level (BioMajesty, Normal: 115-359 IU/L) and the 1,25(OH)2 Vitamin D level (The IDS 1,25-Dihydroxy Vitamin D RIA kit, Boldon, Tyne and Wear, United Kingdom, Normal: 20.0-60.0 pg/mL), were collected for further analyses. The study group included 35 patients (seven men and 28 women) with abnormal radioisotope accumulation on MIBI scintigraphy and 38 patients (nine men and 29 women) who had undergone surgical resection of parathyroid tissue believed to be responsible for asymptomatic PHPT.
Results
Figure presents a flow diagram illustrating the baseline characteristics and outcomes of the 87 patients with asymptomatic PHPT. Twenty-five patients met none of the criteria in the guidelines and 62 fulfilled at least one criterion. Of the patients meeting none of the criteria, four opted to have surgery, while 34 of those meeting at least one surgical criterion selected surgery. The postoperative serum Ca and PTH levels markedly decreased in all patients who underwent surgery (34 patients with adenoma, two with suspected hyperplasia and two with ectopic adenoma). Table 1 shows the background characteristics of the analyzed patients; none of the parameters differed significantly between the men and women. Table 2 shows the results of an analysis of the Workshop guideline criteria for the management of asymptomatic PHPT proposed in 2008. The patient age was <50 years in seven subjects (two men, five women). The Ca level was high (over 11.4 mg/dL) in 29 patients (nine men, 20 women). The eGFR was <60 mL/min/1.73 m 2 in 17 patients (six men, 11 women). The BMD T-score was below -2.5 SD in 20 patients (all women), and 13 patients had a history of fragility fractures (two men, 11 women). These parameters were further analyzed in relation to the MIBI scintigraphy results. Among the patients with positive MIBI results, three subjects were under 50 years of age (one man, two women), the Ca level was >11.4 mg/dL in 17 subjects (five men, 12 women), the eGFR was <60 mL/min/1.73 m 2 in three subjects (one men, two women), the BMD T-score was below -2.5 SD in nine subjects (all women) and nine subjects had a history of fracture (one man, eight women). These parameters were additionally analyzed in relation to a history of parathyroid tumor surgery. Among the patients who had undergone surgical resection, four subjects were under 50 years of age (one man, three women), the Ca level was >11.4 mg/dL in 24 subjects (six men, 18 women), the eGFR was <60 mL/min/1.73 m 2 in seven subjects (two men, five women), the BMD T-score was below -2.5 SD in nine subjects (all women) and eight subjects had a history of fracture (one man, seven women).
The number of Workshop criteria satisfied was then analyzed (Table 3) . A total of 25 patients (six men, 19 women) met none of the criteria, 43 patients (14 men, 29 women) satisfied one criterion, 14 patients (one man, 13 women) sat- isfied two criteria, five patients (one man, four women) satisfied three criteria and no patients met four or more criteria. Among the patients found to be positive on MIBI scintigraphy, six met none of the Workshop criteria (all women), 18 satisfied one criterion (six men, 12 women), 10 satisfied two criteria (one man, nine women) and one satisfied three criteria (a woman). Among the patients who underwent surgical resection of the parathyroid, four satisfied none of the Workshop criteria (all women), 20 satisfied one criterion (eight men, 12 women), 10 satisfied two criteria (one man, nine women) and four (all women) satisfied three criteria. Each parameter, along with the levels of PTH, daily Ca excretion, serum ALP and 1,25(OH)2 Vitamin D, was further analyzed in relation to the findings of the MIBI scans using Fisher's exact test for a history of fracture and Student's t-test for the other parameters (Table 4) . When the entire population was included in the analysis, the levels of Ca, daily Ca excretion and 1,25(OH)2 Vitamin D were significantly higher in the MIBI-positive group than in the MIBI-negative group, while the BMD T-scores were significantly lower in the positive group. A history of fracture was found to be significantly correlated with a positive MIBI study. The PTH and ALP levels tended to be higher in the MIBI-positive group.
Discussion
In the past, PHPT could only be diagnosed when the patient presented with marked clinical symptoms (fractures, ureteral stones, etc.), i.e., and thus the diagnosis was made based on these symptoms. For this reason, the incidence of PHPT may have been underestimated. In recent years, however, the percentage of asymptomatic PHPT cases (patients presenting with no clinical symptoms who are diagnosed based on the presence of hypercalcemia or minimal swelling of the parathyroid) among all detected PHPT cases has risen, especially in women (male to female ratio = approximately 1:2) (6). Asymptomatic PHPT is reportedly detected in 2.1% of all postmenopausal women (7) . In this study, of the 87 patients with asymptomatic PHPT, 65 (74.7%) were women, most of whom were postmenopausal (Table 1) . In regards to the number of patients who met each of the Workshop criteria, fewer than 10% of the patients in men (9.1%, two patients) and women (7.7%, five patients) groups were under 50 years of age. The mean age of the men was 62.0±14.0 years, with nine patients in their 50's, five in their 60's, four in their 70's and two in their 80's (data not shown). The mean age of the women was 65.1±10.7 years (50's, 16 patients; 60's, 25 patients; 70's, 21 patients; 80's, two patients; data not shown). These results suggest that it is more appropriate the current age criterion be adjusted to meet the highest age of individuals requiring intervention in order to reflect the current trend of aging in the Japanese population. The BMD T-score was below -2.5 SD in 20 women (46.5% of all women analyzed) and in none of the men. However, 11 women (16.9%) and two men (9.1%) had a history of fractures. Combining these findings with the increased risk of fracture during daily life in men (8) (9) (10) (11) , it may be necessary to review the current differences in the BMD T-score levels between men and women. The renal function is prone to compromise in patients with PHPT due to hypercalcemia and the presence of urinary tract stones, and an eGFR of <60 mL/min/1.73 m 2 (equivalent to CKD stage III) is one of the criterion included in the guidelines for PHPT management (12) (13) (14) . In the present study, the mean eGFR was 79.9±26.7 mL/min (men: 74.9±24.9, women: 81.6±27.3), and the number of patients with an eGFR of <60 mL/min was only 17 (six men and 11 women). Taking these findings together, it is difficult to conclude that the current criterion for eGFR outlined in the PHPT management guidelines is not based on sufficient evidence in Japanese patients, from the viewpoint of preventing further deterioration of the renal function.
In the analysis of the number of parameters met by each patient (Table 3) , we found that most patients in each group (14 men and 29 women) satisfied only one criterion, while a relatively large number of patients [six men (27.3%) and 19 women (29.2%)] satisfied none of the criteria. These findings suggest that it is necessary to examine these parameters, particularly age, the BMD T-score and eGFR, in Japanese patients.
In addition, we analyzed the MIBI scintigraphy findings in relation to each parameter adopted in the guidelines (Table 2, 3). Among the patients found to be positive on MIBI scintigraphy, the rate of MIBI scintigraphy positivity rose as the number of parameters satisfied increased from zero to one and two. Furthermore, when the number of the guideline criteria satisfied was analyzed in relation to surgical treatment, the use of surgical treatment was more common among the patients who met a greater number of the criteria specified in the guidelines. These findings suggest that the number of NIH guideline criteria satisfied may serve as an important indicator and that surgical treatment can be recommended more strongly in patients meeting more of these criteria.
MIBI scintigraphy, the only means of providing functional imaging, is anticipated to play an important role in identifying responsible lesions in these cases (15) (16) (17) . The sensitivity of MIBI scintigraphy in precisely detecting parathyroid lesions varies considerably (34-100%) among reports (18) . Some of the factors possibly affecting the sensitivity of MIBI scintigraphy, as indicated in past reports, include the serum Ca level, PTH level, vitamin D level, size and weight of the lesion, type of cells constituting the lesion (chief cells, eosinophilic cells), accompanying thyroid lesions and others. However, the extent to which these factors actually affect the capability of MIBI scintigraphy to detect lesions has not yet been fully clarified.
With this in mind, the MIBI scintigraphy findings (positive/negative) were analyzed in relation to each parameter included in the guidelines in addition to other parameters (the levels of PTH, daily urinary Ca excretion, ALP and 1,25(OH)2 Vitamin D) (Table 4) . When the entire population was included in the analysis, these findings indicated a correlation between the criteria and the results of MIBI scintigraphy and that the levels of PTH, daily urinary Ca excretion, ALP and 1,25(OH)2 Vitamin D, which are not adopted in the current guidelines, can serve as potent indicators to determine the strategy for treating PHPT.
In this study (Figure) , three patients who were found to be positive on MIBI scintigraphy satisfied none of the NIH guideline criteria but requested surgical treatment of parathyroid adenomas detected on both MIBI scintigraphy and ultrasonography. All pathological findings were consistent with adenoma, and the serum Ca and PTH levels normalized postoperatively. The Workshop guidelines state that imaging studies are not appropriate for confirming the diagnosis of PHPT or screening patients for surgical referral and that negative imaging findings should not preclude surgical referral or intervention. However, it is desirable to enforce the use of MIBI scintigraphy whenever possible because the localized diagnosis that can be achieved with this modality decreases the risk of surgical invasiveness, thereby increasing the operative success rate (19) . The use of MIBI scintigraphy is advocated for determining whether surgery is indicated, even if the guideline criteria are not met.
Concerning the management of asymptomatic PHPT, it is evident that, in a certain percentage of patients, providing follow-up without surgery, i.e., selecting medical treatment, is safer and more beneficial (20) . However, judging from the evidence collected to date (15, 21, 22) , it is advisable to recommend surgical treatment for patients with asymptomatic PHPT. Few reports have so far discussed the guidelines for daily examinations of actual patients with asymptomatic PHPT in reference to imaging examinations, as evaluated in the current study. Rubin et al. (23) performed resection in 50 of 99 patients with asymptomatic PHPT and followed the subjects for a maximum of 15 years, reporting that the disease progressed in 37% of patients not treated surgically. Fang et al. (19) performed resection in 19 of 33 PHPT patients with a high risk for surgery and provided medical treatment to 14 who refused surgery. The patients were followed for two to three years, with significant disease exacerbation observed in the non-surgically treated patients. In Japan, Sakuta et al. (24) reported that 48 of 67 patients with PHPT underwent resection, while 19 were followed up with conservative management. In the present study (Figure) , 33 patients found to be negative on MIBI satisfied at least one of the guideline criteria. A total of 24 patients of these patients were managed without surgical treatment due to an advanced age, complications or refusal of surgery. Among 29 patients found to be positive on MIBI who satisfied at least one of the guideline criteria, four were managed with-out surgery due to their refusal of surgical treatment. Meanwhile, a limitation of this study is the lack of data regarding the long-term natural history of asymptomatic PHPT with or without parathyroid surgery. A further limitation is that this study was neither randomized nor controlled. Nonetheless, according to our results, therapeutic methods were selected based on the criteria in the guidelines, the results of imaging diagnosis and patient preferences in Japanese patients with asymptomatic PHPT in the actual clinical setting. Furthermore, taking into account the postoperative Ca and PTH values and pathological results, this study offers valuable insight with respect to the clinical management of asymptomatic PHPT.
An additional limitation is that our results were obtained using an observational study conducted at one institution. As there may be bias in the selection of therapeutic methods specific to our department, it is necessary to examine the results of widely performed studies, including those performed at other institutions. The present investigation was conducted as a pilot study to analyze each parameter adopted in the Workshop guidelines for the management of asymptomatic PHPT proposed in 2008 among 87 patients with asymptomatic PHPT who underwent MIBI scintigraphy at our center. It is desirable that further evidence be collected and that the current criteria be reviewed when applied to Japanese patients.
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